Essential oils of two Tibetan Junipers Juniperus saltuaria and J. squamata var. fargesii (Cupressaceae) were obtained by distilling dried leaves and branches using a Clevenger apparatus. Sixty-seven compounds from J. saltuaria and 58 from J. squamata var. fargesii were identified by gas chromatography-mass spectrometry (GC-MS). Both essential oils contained similar ratios of four abundant monoterpenoids: 44 and 35% sabinene, 13 and 9% elemol, 8 and 7% terpinen-4-ol, and 4 and 17% α-pinene, respectively. These oils had antifungal activity based on a direct bioautography assay of Colletotrichum acutatum, C. fragariae, and C. gloeosporioides, and insecticidal activity based on serial-time mortality bioassay of azalea lace bugs, Stephanitis pyrioides. Antifungal activity of Juniperus oils was weak when compared with commercial fungicides such as benomyl and captan. Whole Juniperus oils at quarter the dosage used against Colletotrichum species were more insecticidal than 10 mg/mL malathion, killing ≥70 -90% adult lace bugs after 4 hours of exposure. R f values of 0.18 for J. saltuaria oil and 0.19 for J. squamata oil indicated lipophilic monoterpenes which were the putative sources of biological activity.
Strawberry anthracnose, caused by the plant pathogens Colletotrichum sp., is one of the most important diseases affecting strawberries worldwide [1] . Lesions can occur on all parts of the plant, including the crown, fruits, stolon, petiole, leaf, flower, and root. The fruit and crown rot stages of anthracnose can lead to 80% crop loss in hot, humid climates. Therefore, discovering new natural productbased fungicides with low environmental and mammalian toxicity is necessary if commercial fungicides for fruit protection are discontinued. Available to researchers are several bioassays sensitive enough to evaluate natural plant extracts as antifungal agents. A bioautography assay, with Colletotrichum as the indicator fungus is used by us to identify antifungal components of essential oils and other plant extracts.
Juniper essential oils will most likely prove insecticidal, given the noxious nature of their lead components. The azalea lace bug Stephanitis pyrioides, a major insect pest in nurseries and landscapes, was used as our test subject in insecticidal bioassays. Much of the injury caused by this insect is cosmetic i.e., black ovipositional scabs, leaf stippling and leaf chlorosis. However, if there is no early control for lace bug feeding in established landscapes, leaf chlorosis induced by azalea lace bugs can progress to necrosis and severe leaf drop. Azalea lace bugs are also difficult to kill. Adults by taking refuge under leaves, minimize themselves and their brood's exposure to watersoluble insecticides. Therefore, we seek natural botanical insecticides formulated as flowable emulsions that have a faster knockdown and excellent NPC Natural Product Communications penetration, yet are safe for routine use in greenhouses and landscapes [2, 3] . Juniperus extracts show promise as a large source of these new biopesticides.
Modern analyses show that leaf oils from Chinese Junipers J. saltuaria [4] , J. squamata var. fargesii [5] and J. squamata var. morrisonicola are rich in 14-acetoxycedrol and 8,14-cedranediol and other terpenoid compounds highly toxic to insects and perhaps plant pathogens [6, 7] . If Juniper oils are bioactive, then applying them as pesticides can help thwart disease outbreaks and curb insect resistance; thus, providing farmers with a new and powerful plant protectant [8] . Fungicides and insecticides based on essential oils offer some advantages over synthetic products such as greater selectivity, fewer incidences of pest resistance and low persistence in soil and water [9] . The aim of the current study was to examine the chemical composition and antifungal and insecticidal activity of two Juniper species. [4] . Leaf oils of J. squamata var. fargesii contain more α-pinene, sabinene, limonene, cis-and trans-thujone, cisthujopsene and 8α-acetoxyelemol [5] . J. squamata can also have as major constituents: α-pinene, sabinene, and β-phellandrene [6] . However, another subspecies of J. squamata was rich in diterpene alcohols and nezukol (8-β-hydroxyisopimarene, 42.8%) [6] .
J. saltuaria and J. squamata var. fargesii total essential oils demonstrated weak antifungal activity against each of the three Colletotrichum species with 2.3 to 3.5 mm diameter inhibitory zone at a concentration of 4 mL of 40 mg/m ( Table 2) . represented regions where fungal mycelia or reproductive stroma were not present [1, [10] [11] . The demonstration of active antifungal compounds was confirmed on the 1D-TLC plate in the n-hexane:ethyl acetate (8:2, v/v) system. Two polar antifungal compounds with R f values of 0.18 (Jsa) and 0.19 (Jsq) were confirmed by direct bioautography against Colletotrichum species. Oxygenated monoterpenes and sesquiterpenes like elemol were the putative antifungal agents [12] given their predominance in these two Juniperus oils.
Essential oils laced with monoterpenes and higher terpenoid substances are highly noxious to most arthropods. A few insect species can sequester terpenoids to form defensive substances de novo [13] . However, terpenoids extracted, purified and applied topically to small insect species are often lethal [3] . The same was true for the terpenoid components in DMSO emulsions of Jsq and Jsa oil, which killed 80-95% of adult S. pyrioides in 4 or 5 hours (Figure 1 , F 3, 175 = 160.50, p < 0.0001). At the same dosage, oils of Jsa (t = 1.26, p = 0.2107) and Jsq (t = 0.24, p = 0.8110) were as potent as malathion, a commonly applied commercial insecticide.
Conclusion: Plant species rich in essential oils can reduce pest pressures imposed on them by pathogens and herbivores. Essential oils often contain terpenoids, which are volatile, bitter-tasting substances that can deter or ward off herbivores, make them sick, slow insect growth or, if applied at high enough doses (e.g., 10 mg/mL), kill them outright [3, 13] . It is unclear how effective essential oils extracted from coniferous trees are as anti-fungal substances, but, if purified extracts are applied at the correct concentration, they may become excellent natural alternatives to synthetic fungicides.
Experimental

Plant material and oil extraction via distillation:
Leaves and branches of Juniperus saltuaria (Jsa) and J. squamata var. fargesii (Jsq) from Tibet were collected and identified by Dr Peng Nan, School of Life Sciences, Fudan University, Shanghai, China. Essential oils from dried plant tissues were hydrodistilled for 3 h using a Clevenger-type apparatus [14] . Voucher specimens of sampled plants were deposited at the Ministry of Education (MOE) Laboratory for Biodiversity Science and Ecological Engineering, School of Life Sciences, Fudan University, Shanghai, China.
GC-FID and GC-MS analysis of essential oils:
Juniperus oils were analyzed by GC using an Agilent 6890N GC system (SEM Ltd, Istanbul, Turkey) on a HP Innowax FSC column (60 m x 0.25 mm id, with 0.25 µm film thickness). Nitrogen was used as the carrier gas at 1 mL/min. Oven temperature started at 60°C for 10 min, increased by 4°C/min to 220°C, leveled off at 220°C for 10 min and then increased by 1°C/min to 240°C. Injector temperature was set at 250°C. Percentages of the individual components were obtained by electronic integration using flame ionization detection (FID, 250°C). GC-MS analysis was performed with an Agilent 5975 GC-MSD system (SEM Ltd, Istanbul, Turkey) coupled with an Innowax FSC column (60 m x 0.25 mm, 0.25 µm film thickness). Helium was chosen as a carrier gas. Oven and injector temperatures were the same as those for the GC procedure. Split flow was adjusted at 50 mL/min and mass spectra were recorded at 70 eV with a range from m/z 35 to 425.
n-Alkanes were used as reference points for computing relative retention indices (RRI). Identification of the essential oil components was achieved by matching their RRIs with those of an authenticated baseline. RRI matching was aided by in-house "Baser Library of Essential Oil Constituents" built up by genuine compounds and components of known oils with commercial libraries (Wiley, MassFinder 3 software) [15, 16] , as well as MS literature data [17] [18] [19] . Relative percentages of identifiable components are listed in Table 1 .
Direct bioautography assay for activity against plant pathogenic fungi:
A bioautographic procedure was used that had been developed by Meazza et al. [1] and modified by Tabanca et al. [20] to detect antifungal agents in vitro. Colletotrichum fragariae, C. acutatum and C. gloeosporioides were the target pathogens chosen to test antifungal activity of Juniperus essential oils. Juniperus essential oils were applied at a concentration of 40 mg/mL in 4 µL of n-hexane/TLC plate, with 2 mM technical grade fungicides, such as benomyl, cyprodinil, azoxystrobin, and captan (Chem Service, Inc. West Chester, PA), in 2µL of EtOH, serving as standards. The developed TLC plates were air dried to remove all solvents before bioautographic procedures were applied. Mean diameter of inhibitory zones indicated the sensitivity of Colletotrichum to essential oil extracts or their fractionated components as they migrated on TLC plates [10] .
TLC analysis:
Thin layer chromatography (TLC) analysis used pre-coated plates of silica gel 60 F 254 (Merck, Suwanee, GA). Four μL of 40 mg/mL samples in n-hexane were applied to plates using capillary pipettes (Fisher Science, Norcross, GA). TLC bioautographic plates soaked in a pre-saturated solvent of n-hexane-diethyl ether, 8:2 v/v filled the bottom of a glass chamber. Solvent phases were migrated 8 cm and the TLC plates were then air dried and inspected under UV light (λ = 254 nm). To visualize fractioned compounds, a reference plate was prepared by spraying it with 1 g vanillin in 100 mL of 20% H 2 SO 4 in EtOH and heating. Multiple plates for direct bioautography were developed sequentially using the protocol described below and inspected under UV light (254 nm).
Insect bioassays:
Test organisms were adult azalea lace bugs Stephanitis pyrioides Scott. Electric aspirators (Hausherr's Machine Works, Tom's River, NJ) were used to collect adult lace bugs from bouquets of azalea terminals (Rhododendron sp.) that were maintained in plant growth chambers (Percival Scientific, Perry, IA) at 23 o C, 55% RH with a photoperiod of 14:10 L:D. Oil emulsions of Juniperus squamata, J. saltuaria and malathion (10 mg/mL active ingredient) were prepared fresh by adding 9% dimethylsulfoxide (DMSO) as an emulsifier and 90% de-ionized water. The 10 mg/mL dosage we decided to test was similar to that used for commercial insecticides based on essential oils e.g. Ecotrol = 2-3% Rosmarinus officinalis oil, as well as the lowest and most effective dosage for killing other small insects [2, 3] . Our appropriate baseline control or blank for this trial was a 10% aqueous solution of DMSO. According to a randomized design, 20µL of each oil emulsion and baseline solution was pipetted into plastic wells of a standard 96-well microtiter plate. At the bottom of each well was an absorbent disc of Whatman no. 2 filter paper, which prevented the insect subjects from drowning in any residual fluid. Two to four adult S. pyrioides were transferred from their holding vials to oil and DMSO-filled wells. Adult bugs were observed under a stereozoom microscope every hour for 5 h at 21 o C, to see if any had died. Between these inspections, adult bugs exposed to the compounds were kept in a separate growth chamber set at 23 o C. The RCBD design, log e -transformations of mortality data and ANCOVA analyses were similar to those used in previous bioassays [2, 3] .
